Introduction
The hazardous waste sites of Love Canal and Valley of the Drums were catalysts for passage of the Comprehensive Environmental Response Compensation and Liability Act (CERCLA) in 1980. CERCLA, also called the Superfund program, is an environmental law imposing cleanup responsibilities for contaminated sites (Salzman and Thompson, 2003) . The Environmental Protection Agency (EPA) defines Superfund sites as uncontrolled and abandoned locations with hazardous wastes. 1 The Superfund sites are placed on the National Priority List (NPL), created by the EPA, based on the Hazard Ranking System (HRS) score.
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The cleanup of Superfund sites is a non-market (i.e., environmental) good since its benefits are not purchased directly in a market. Therefore, valuing the benefits of the Superfund
program (U.S. EPA, 2009) requires the application of non-market methods. The Hedonic Pricing
Model (HPM) is a well-known revealed preference method to measure environmental amenities and dis-amenities. Many previous studies have used HPM to measure impacts of contaminated and hazardous sites on local property values.
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Although HPM is widely used, some criticisms and limitations remain. A commonly cited problem is omitted variable bias (Deaton and Hoehn, 2004, Abbott and Klaiber, 2011) . 4 The absence of important data results in an endogeneity problem, making estimated coefficients 1 http://www.epa.gov/superfund/sites/ 2 Based on the EPA, the Superfund sites are listed on the NPL if the hazardous ranking score is greater than 28.50. 3 See examples of McClelland, et al. (1990) , Michaels and Smith (1990) , Kohlhase (1991) , Thayer, et al. (1992) , Kiel (1995) , Kiel and Zabel (2001) , Ihlandfeldt and Taylor (2004) , Jenkins, et al. (2006) , and Gamper-Rabindran and Timmins (2013) . 4 Abbott and Klaiber (2014) argue that use of spatial fixed effect is not an appropriate approach to control omitted variable bias in hedonic price models, because it does not take into account the proper scale of capitalization. They use the Hausman-Taylor (HT) estimator, which is a combination of fixed and random effect, to control endogeneity caused by omitted variables at multiple spatial scales. However, the HT estimator is useful only with panel data structure.
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Many previous studies examine the impact of the Superfund program on local property values by using HPM, but fail to explicitly address spatial dependence or autocorrelation. 7 In this study, Superfund sites in Jefferson County, Kentucky are examined using a spatial hedonic approach . The EPA categorizes Superfund sites according to four cleanup stages: proposed, listed, construction complete (i.e., final), and deleted. 8 Messer, et al. (2006) , Kiel and Williams (2007) , and Gamper-Rabindran and Timmins (2013) 
Literature Reviews
Previous research on the impact of Superfund sites on property values as well as those that consider and incorporate spatial dependence into HPM are especially germane to this study.
Both areas are reviewed in turn.
Overview of Superfund Impacts
As mentioned above, Superfund cleanup proceeds through four stages: proposed, listed, final, and deleted. Proposed NPL sites tend to reduce housing prices due to perceived risk of exposure to toxic compounds (Gamper-Rabindran and Timmins, 2013) . Hamilton and Viscusi 7 See Michaels and Smith (1990) , Kiel (1995) , Ihlandfelt and Taylor (2004) , Jenkins et al (2006) , and Kiel and Williams (2007) . 8 The EPA conducts preliminary assessment or site inspection to evaluate whether the sites are considered a threat to human health. Then the EPA proposes the site based on the assessment. Listed status indicates the sites identified for long-term cleanup. Final status indicates that the cleanup process has been competed for necessary physical construction even though final cleanup levels have not yet been reached. Finally, deleted status indicates that all site cleanup activities and goals have been accomplished. 9 The Superfund sites on NPL in Jefferson County, Kentucky are either final or deleted status. Therefore, only two statuses are considered in this study. All the Superfund sites considered in this study are reported with location, status, proposed date, listed date, completed construction date, and deleted date on NPL in Table 1A in appendix.
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(1999), Fischhoff (2001) , Davis (2004) , and Messer, et al. (2006) Most previous studies consider distance to the nearest Superfund site, even when there are multiple sites (Gayer, et al., 2000) . In this study, however, we investigate the impacts of multiple sites located in close proximity within or near Jefferson County.
Reviews of Spatial Hedonic Model
Spatial effects in the hedonic house price model have been addressed by Dubin (1988) and Can (1990) . They find that incorporating spatial effects shows more accurate results than the traditional hedonic model in the residential real estate market.
Anselin (2001) and Kim, et al. (2003) mention the importance of accounting for spatial effects, especially spatial dependence, on the efficiency and consistency of hedonic model estimates. Kim, et al. (2003) measured the marginal value of air quality improvement in Seoul, Korea by using a spatial lag model. They found that incorporating spatial effects into the hedonic model improves on the traditional hedonic model.
In addition to the spatial lag model, the spatial error model is used in some hedonic studies (Bell and Bockstael, 2000 , Leggett and Bockstael, 2000 , Feng and Humphreys, 2012 . Leggett and Bockstael (2000) measure the impact of water quality on residential property values along the Chesapeake Bay by using the spatial error hedonic function. They find that property values are significantly and positively affected by improvements in water quality after correcting for spatial autocorrelation. A recent study by Feng and Humphreys (2012) examines the effect of proximity to a sports facility on residential property values. They use the census block group level data from the 1990 and 2000 and estimate the hedonic spatial error model with two different functional forms, which are linear and log-log. They find that proximity to a sports facility has positive impact on median housing values. Most previous studies in HPM related to Superfund sites do not explicitly address spatial dependence. Therefore, our findings comparing spatial HPM to traditional HPM will contribute to the literature on Superfund sites.
Conceptual Framework

Hedonic Pricing Model
Hedonic price techniques were initially introduced by Griliches (1961) and further developed by Rosen (1974) , who applied HPM to find price for characteristics in differentiated products. According to Nesheim (2006) , the main goal of hedonic analysis is to find the relationship between market equilibrium prices and structural characteristics. Consumer x maximizes utility by choosing bundle of attributes z given the hedonic prices p(z). Here, the vector x represents a vector of consumer characteristics. Then, the consumer's problem can be written as
By assuming that both utility and hedonic price are continuously differentiable and an interior solution exits, the first order condition can be written as
The equation can be rewritten in terms of hedonic price for the characteristic of z
This equation indicates that the marginal rate of substitution equals the marginal price of z.
By solving for z, the hedonic demand function for consumer x can be derived.
Spatial Autocorrelation
Autocorrelation, also referred to the spatial dependence, can generally be found in times series and cross-sectional analysis. In cross-sectional analysis, autocorrelation is referred to as spatial autocorrelation when observed units such as houses are correlated by location. Based on Anselin and Bera (1998) , the existence of spatial autocorrelation can be defined as following:
where and are observations of random variables at location i and j. Moran's I and Lagrangian Multiplier (LM) tests are generally used to test for the presence of spatial autocorrelation (U.S. EPA, 2011 and Anselin, 2001 ).
Data Description
The main source of data used in this study is the U.S. Census Bureau's American Community Survey (ACS) from 2010 to 2014. A block group is a statistical division containing between 600 and 3,000 people. 11 A main advantage of using block levels is to control and 9 account for the spatial effects in that the block group covers a single contiguous area with demographic, housing, social, economic data, and geographical information. Shultz and King (2001) mention that housing data from Multiple Listing Services (MLS) or property-tax assessments are not spatially referenced and are generally expensive to use even though those data sets provide greater detail. Compared to census tract data, the census block data provides more robust hedonic price analysis (Goodman, 1977) . In addition, Cao and Cory (1981) find a high level of heterogeneity when using aggregated land-use data at the tract level.
The sample has 781 block groups. Even though Jefferson County is in the focus of this study, we incorporate adjacent counties: Oldham, Shelby, Spencer, Bullitt, and Hardin from Kentucky, and Harrison, Floyd, and Clark from Indiana. We measured distance from each block centroid in adjacent counties to the Jefferson County borderline, then we use block groups that are within 10-mile distance from the borderline for two reasons. First, housing value in Jefferson
County is affected by housing values and characteristics in neighbor counties, and the block groups within 10 miles provide information for localized housing value. Second, many block groups beyond 10-mile distance result in "islands" that hinder the use of spatial analysis. 12 Our spatial hedonic framework uses rook-contiguity, based on shared borders between block groups.
Therefore, inclusion of islands in spatial framework is not allowed.
The dependent variable is the median value of all owner-occupied housing units in each block group, and the average of the block group medians in the sample is $156,770. Housing value is defined as a function of characteristics of housing structure, neighborhood, and environment. See Graves, et al. (1988) , Mahan, et al. (2000) , Lutzenhiser and Netusil (2001) , and Feng and Humphreys (2012) . 16 Since there are no specific points to represent the CBD, location of the County Government Office is used as the centroid of the CBD. The map for the CBD and a location of the County Government Office in Louisville, Kentucky is presented in Figure 2A in the appendix. 17 See Gayer, et al. (2000) , Kiel and Zabel (2001) , Deaton and Hoehn (2004) , and Kiel and Williams (2007) 11 Census Bureau. For the distance variable, we consider the minimum distance to the Superfund sites, following Gayer, et al. (2000) . 18 Based on Noonan, et al. (2009) , most distance effects are significant between one and three miles and are not statistically significant after six miles. To address different distance effects, this study assumes that proximity to Superfund sites has significant impacts only within 5 miles distance, and the impacts are negligible after 5 miles. 19 In addition, this study conducts robustness checks regarding distance. In the 5 miles distance framework, the distance is set equal to 5 if the distance from the site is greater than 5 miles, otherwise the distance is actual distance from the site. 20 Furthermore, more than one Superfund site might be located within 5 miles of a census block. To capture exposure effects from the multiple Superfund sites, we include a "Count" variable following Gamper-Rabindran and Timmins (2013). They measure the exposure of the block observations by using counts if sites are located within the same distance from the block centroid.
Model Specification
Selecting functional form is a key issue with HPM, since many different forms, such as linear, log-linear, linear-log, and log-log, have been used in previous studies. The Box-Cox 12 (1964) transformation is one way to test the appropriate functional form. However, the Box-Cox test requires that a variable have positive values to be transformed (Haab and McConnell, 2002) . 21 In this study, a log linear function form is used for two reasons: easy economic interpretation and outliers in linear dependent variable.
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This study begins with a standard hedonic regression of owner-occupied housing prices on the characteristics of the housing structure and the neighborhood.
where P is the vector of owner-occupied housing prices, N is a vector of neighborhood characteristics, S is a vector of housing structural characteristics, E is a vector of environmental variables (i.e., distance and count), and is a vector of independently and identically distributed (i.i.d) error terms. 24 The standard hedonic regression model is estimated by OLS.
The Spatial Autoregressive (SAR) lag and error models are well known models to account for spatial autocorrelation. Even though both SAR lag model and SAR error model are common approaches to control the spatial autocorrelation or dependence, the SAR error model is preferred for correcting the potential biasing influence of the spatial autocorrelation whereas the 21 Since some independent variables contain zero value, the Box-Cox test could not be conducted for independent variables. For the dependent variable, this study finds that no transformation is preferred. 22 Results based on the box-and-whisker plots and the univariate kernel density estimation show the right-skewed linear dependent variable to have more outliers. Since more outliers indicate high variance, they cause more risk of heteroscedasticity. The results are reported in Figure 1A in the appendix. 23 All the independent variables are tested by using Variance Inflation Factor (VIF) in order to check for multicollinearity problems. Generally, there is severe multi-collinearity problem if VIF is greater than 10. 24 The standard hedonic regression model is same for both the deleted and final sites. However, the distance variable is calculated differently for models with and without a 5-mile threshold. For example, the distance with no threshold framework is calculated by distance = min (site1, site2, site3). On the other hand, the distance with 5-mile threshold framework is measured by AdjDistance = min (distance, threshold). In addition, the count variable is only included in 5-mile threshold model. The count variable is calculated that count = 2 if there are two Superfund sites are located within 5-miles radius.
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SAR lag model focuses on the calculation of existing spatial interactions (Anselin, 2001 ).
Therefore, this study uses the SAR error model, with spatially correlated errors accounting for unobserved neighbor characteristics or omitted variables associated with location. The empirical hedonic spatial error model used here is:
where P, N, S, and E are the same as in equation (6), is the spatial autoregressive coefficient, W is the spatial weight matrix, and u is a vector of i.i.d. errors with variance 2 . Based on Viton (2010), the spatial weights matrix is an × positive matrix and transformed from the spatial neighbor matrix (̃) with "row-standardization" based on rook contiguity, which is the contiguity-based approach to specify the neighbor matrix (i.e., ̃). 25, 26 The spatial neighbor matrix is a square symmetric × matrix with ̃ elements, which is formally defined ̃= 1 if location i and j are neighbors, and ̃= 0 otherwise. Based on Kim, et al. (2003) , the regression coefficients of the OLS estimators remain unbiased but inefficient in the spatial error model. Thus, the spatial error hedonic model is estimated by maximum likelihood.
25 To row-standardize, the weights need to sum to one in each row and each element in a row is divided by the sum of the elements in the row, then a spatial weights matrix W with element can be defined as
=̃∑̃ ⁄
26 The contiguity-based approach typically involves one of two different definitions, which are rook contiguity and queen contiguity. The rook contiguity is when locations share only a common border, whereas locations sharing common boundaries and vertices have queen contiguity. This study tested both queen and rook contiguities and found that results are not statistically different. In addition, the block group polygons used in this study primarily share borders but not vertices. For these reasons, this study uses rook contiguity rather than queen contiguity.
Results and Discussions
Estimation Results
This study estimates two different standard hedonic regressions for deleted and final sites. We also estimate each standard hedonic model with and without a 5-mile distance threshold. This allows us to test how impacts of Superfund sites vary by distance. Therefore, four different standard hedonic models are estimated: deleted Superfund sites with and without 5-mile threshold and final Superfund sites with and without 5-mile threshold. Table 2 shows the estimated coefficients for the standard hedonic model with robust standard errors, which is used to control heteroscedasticity.
<Insert Table 2 Here>
The main reason to estimate the standard hedonic models is not only to compare with spatial models, but also to evaluate spatial dependence. Table 3 shows the results from the diagnostic tests for spatial dependence in both deleted and final Superfund sites with and without the 5-mile threshold. The diagnostic is conducted based on rook contiguity weights matrix. In 
<Insert Table 4 Here>
For further robustness testing, we examine three different functional forms for the distance variable: linear, log, and inverse distance. Table 5 shows the results with different functional forms of distance. We find that the results are generally robust across different forms of the distance variable, with the sign reversing as expected for inverse distance.
<Insert Table 5 Here> 31 Box and Cox (1964) mention that the transformation will result that the residuals are less heteroskedastic and more likely normal. 32 This table reports the estimated coefficient for the distance variable since it is the main variable of interest. The marginal effect from the linear and quadratic box-cox transformation is calculated as following: First, calculate the predicted value of transformed outcome. Second, increment distance variable by one unit, and transform and repeat for second predicted outcome. Finally, take the difference between second predicted outcome and first predicted outcome. 33 The theta model assumes both variables are transformed with different functional form, but this study assume two variables are transformed with same functional form. For the result of the null hypothesis test in the box-cox test is presented in Table 2A in appendix. Based on table 4 , the results show the null hypothesis of lambda = -1, 0, 1 are rejected with p-values of 0.000. It indicates that all the possible specifications for reciprocal, log, and linear respectively for dependent and distance variables are rejected.
Finally, we examine different threshold distances by using 3-, 4-, and 6-mile threshold models compared to benchmark of 5 miles. Table 6 shows estimates from different threshold distances under the spatial error models. We find that results are strongly similar across the different threshold distances, including for the distance and count variables, suggesting that the benchmark specification (5-mile threshold) is robust.
<Insert Table 6 Here>
Conclusion
This paper employs the spatial error hedonic price model to evaluate the impacts of the Superfund sites in Jefferson County, Kentucky utilizing census block group data. We find that the standard hedonic pricing model ignoring spatial dependence or autocorrelation provides incorrect results. This finding further contributes to existing literature by suggesting that spatial dependence needs to be considered in hedonic models measuring the impact of Superfund sites on the local property values.
We also investigate the different impacts of Superfund sites at two different milestones of the cleanup process. We find no significant impact from deleted sites in 5-mile threshold distance framework. This lack of impact might be explained by the fact that most deleted Superfund sites were removed from the NPL over 10 plus years ago, and the direct impacts have This study compares between the traditional hedonic price model by using OLS and the spatial error model. However, many recent hedonic price analyses take advantage of panel or pooled cross-sectional data for considering quasi-experimental research designs into the hedonic theory. It is due to the fact that simple hedonic analysis by using OLS specification with a crosssection is arguably inadequate. Therefore, further study needs to compare the spatial error model with a cross-section of data with the quasi-experimental designs method. Difference in Difference (DD) approach could be used as one of the quasi-experimental designs to estimate the impacts of Superfund sites by comparing status of Superfund sites over time. In DD approach, treatment group will be sites that changes in status from final to deleted sites, and control group 20 will be the sites that do not change in status from final. Therefore, this study could be improved by using richer data set that include median sale price data from different years. 
